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Exhibit Section 1.0

Systems Group Chairman’s Factual Extracts:
The following tables pertain to the APU and are copied from the Systems Group Chairman’s
Factual Report of February 9, 2005
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APU pneumatic bleed data and requirements:

Ambient | Altitude | Bleed Bleed Bleed Exhaust | Generator
Temp (ft) flow Pressure | Temp (F) | Gas load
) (ppm) (psia) Temp (F) | (KVA)

Specified | 103 Sea 60.0 53.8 504 1050 15

minimum level nominal, | (minimum)

bleed for 1320

new maximum

APU? 9.3 13,000 | 494 35.1 424 1315 [None]
The above two rows show data from the new engine minimum bleed performance
table for the GTCP36-150[RJ]. The first row is data quoted from the Allied Signal
Aerospace 36-150[RJ] APU Troubleshooting Guide, dated May 28, 1996
(document 31-13177). The second row depicts a Honeywell- supplied
performance calculation that is based on running a mathematical model at the
exhaust temperature limit of the APU. See the performance table and specific test
results for more detailed information in the section titled Attachmerts.

APU 69.0 1,250 79.0 50.6 458.9 (raw | 1255 0

from [78.0 [47.7 data, [1316

N8396A, required | required | whichwas | required

during minimum | minimum | corrected maximum

pneumatic value] value] t0492.2to | value

load of a account

main for local

engine conditions)

start. The above data showed that the APU from N8396A met the performance
requirements for an overhauled APU. The datain the following row is from a
test conducted as part of the accident investigation. This was not part of the
manufacturer’s normal test criteria and the test created a combined “worst
condition” loading for the investigation. This loading applied the maximum rated
(30kVA) electrical load during simultaneous main engine start conditions.

APU 69.0 1,250 725 53.8 467.2 (raw | 1341 30

from data,

N8396A, which was

with corrected

combined to 501 to

electrical account

and for local

pneumatic conditions)

loads.

! The following abbreviations are used in this report: Absolute pounds per square inch of pressure is shown by psia.
Flow in pounds per minute is abbreviated as ppm.
2 The altitude was selected due to FDR data showi ng that the 10" stage pneumatic bleed valves simultaneously opened
at 13,000 feet. Bonbardier maintenance training data showed that both 10" stage pneumatic bleed valves will open
during an engine start. The test cell was located at 1,250 foot altitude, which led to acquiring the following data at that

atitude.
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Overal summary of valve characteristics (Vaues in parenthesis denote Bombardier published
values):

Left SOV LCV Isolation Valve Right SOV
Annuciator 5.6 degrees 4.8 degrees 4.1-5.7 degrees 3.8-6 degrees
switch opens (8 degrees) (5 degrees) (8 degrees) (8 degrees)
at :
Pressureto [Unable to [Not part of the 2.7-3.5psig 3.5psig
open: function] modified ATP test (6-10psig) (6-10psig)
(6-10psig) performed.]
(14-16psig)
Full open at: [Unable to 74.A4mA=84.3 deg 7.29psig @ 7.4psig @
function] (0.6mA under ATP | 85.6 degrees 84.7 degrees
min. acceptable)
Physical The valve was No observable Dented exterior None observed
Damage recovered from damage. tubes
near thelarge hole | White deposits
inthe aft fuselage. | found on surfaces.
Animpact hole
was found in the
diaphragm case.
Shaft Roughnessin mid- | Pausedinopening at [ Linear response During 2nd & 3d
movement: travel (resisted 3 pointsin travel openings, the valve
thumb pressure) (For reference, the stayed shut, then
ECU ATPfound a popped to 29.5 &
97.3mA output. 14.7 degrees,
Valve pauses were respectively
at application of (ref. 4.83psig)
47.1mA, 47.5mA, &
71.1mA).
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Exhibit Section 2.0

Addendum to Systems Group Chairman’s Factual Report:
Attached is areport that is titled Systems Group Chairman’s Factual Addendum, Pneumatics and
Cabin Pressurization. Page numbers from the original have been removed to prevent conflict with
page numbering of the exhibit.
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NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Aviation Engineering Division
Washington, DC 20594

May 11, 2005

SYSTEMS GROUP CHAIRMAN'SFACTUAL ADDENDUM
PNEUMATICS AND CABIN PRESSURIZATION

A. ACCIDENT: NTSB Identification DCAO5SMAOQ03
LOCATION: Jefferson City, Missouri
DATE/TIME: October 14, 2004, about 10:15 pm (CDT)
AIRCRAFT: Bombardier Aerospace, Canadair Regional Jet, CRJ-200

Northwest Airlink, Pinnacle Airlines Flight 3701
B. GROUP MEMBERS

Group Chairman: Robert L. Swaim
Washington, DC

Member: James Ddlisio
Federal Aviation Administration
New York, New York

Member: Mike Cummins
Honeywell Engines, Services, and Systems
Phoenix, Arizona

Member: Keth Ayre
Bombardier Aerospace
Montreal, Canada

Member: Dave Fisher
Bombardier Aerospace
Toronto, Canada

Member: Daniel Hessdlius
ALPA
Jackson, Michigan

Member: Marcel Hinrichs
Pinnacle Airlines
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Memphis, Tennessee
C. SUMMARY

On October 14, 2004, at about 2215 central daylight time (CDT), N8396A, a Bombardier CL-600-
2B19 operating as Pinnacle Airlines flight 3701 (d.b.a. Northwest Airlink) crashed in aresidential
area in Jefferson City, Missouri, about 2.5 miles south of the Jefferson City, Missouri, airport
(JEF). The airplane was destroyed by the impact forces and a post crash fire. The two crew
members were fatally injured. The flight was a repositioning flight from Little Rock, Arkansas
(LIT) to Minneapolis-St. Paul, Minnesota (MSP) that had no passengers on board. There were no
injuries on the ground.

This addendum to the Systems Group Chairman’s Factual Report of February 9, 2005, contains
information about the ground air supply connection panel, pneumatic system, and cabin
pressurization systems.

D. DETAILS OF THE INVESTIGATION
D.1.0 GROUND AIR SUPPLY CONNECTION ACCESS PANEL

Bombardier personnel noted that the failure of the ground air supply connection will lead to aloss
of bleed air pressure in the 10" stage pneumatic manifold. The access door for the ground air
supply connection was found in the closed and latched position. The exterior color coat was
bubbled or missing, but the underlying green primer was intact. The exterior primer on the panel
was generally tanned without localized overheating where the circular check valve had been
mounted. The interior paint on the door was aso and dlightly tanned overall, without localized
heat damage from near the connection valve. The white paint on the composite interior wall was
intact and not tanned. A label sticker was found that stated “GROUND AIR SUPPLY
CONNECTION.” The sticker had no yellowing, curled edges, or other evidence of thermal
damage. (Figuresland 2)

Figure 1. Exterior of HP pneumatic supply | Figure 2. Interior of HP pneumatic supply
access panel. access panel, showing missing duct, broken
interior panel, intact sticker, and white
paint.
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The duct that had attached to the composite interior wall of the compartment had broken away.
Dents were observed aong the aft surfaces of the duct that had been mounted forward of the
ground supply duct The skin of the airframe surrounding the general area was displaced inward
from a smooth contour and the fuselage frames were broken. The missing duct had been next to
where the right aircraft engine and pylon had separated and a large opening in the aft fuselage had
been created.

D.20 CABIN PRESSURIZATION

Data from the maintenance training manual and flight data recorder were combined to calculate the
rate of descent for the airplane and the rate of cabin depressurization (also known as the ascent
rate).

The Canadair Regional Jet 100/200 Airframe/Engine Maintenance Training Manual showed that
the 10" stage bleed valves are solenoid controlled and pneumatically actuated in ducts that provide
air to the cabin pressurization system. The flight 3701 flight data recorder (FDR) parameter for
the valve positions showed each to be open until time (UTC) 02:55:06.40, when the left valve
closed as the engine speeds slowed through about 35% N1 and 60% N2. The right valve was
recorded closing at 02:55:14.40 when the airplane altitude was 37,818 feet and this time/altitude
was used as the beginning of degr&ssurization in the following calculations. The FDR parameter
for the load control valve (LCV~) recorded atransient opening at an altitude of 20,333 feet (UTC
03:02:30.15), and then remained open after the airplane descended below 13,115 feet (UTC
03:07:05.15). Dividing the atitude change by the time, the descent rate of the airplane during
these periods calculated to be 2,369 feet per minute (fpm) to 20,333 feet and 2,065 fpm overall.

The maintenance training manual shows that the cabin pressurization system is digitally controlled
to maintain an 8,000 (+/-100) foot cabin altitude. The FDR does not capture cabin altitude data,
but does have adiscrete (CABIN PRESSURE WARN) to record when the cabin altitude warning
signal is provided to the crew alerting system (CAS). The maintenance training manual shows that
the engagement and disengagement should be at a cabin altitude of 10,000 feet.

The flight 3701 FDR did not record that the cabin pressure warning was active prior to the airplane
reaching 41,000 feet. The cockpit voice recorder (CVR) recorded the first actuation of the cabin
pressure warning at 02:56:47.40. The FDR showed that the cabin pressure warning was active
when the FDR recording resumed, as the airplane descended from 30,000 feet. The cabin atitude
warning was reset in the FDR recording when the airplane descended through 10,020 feet (UTC
03:09:05.15).

The maintenance training manual shows that the cabin oxygen masks are deployed at a cabin
altitude of 14,000 feet and that the FDR records thissignal. The FDR from flight 3701 showed
that the mask signal was not present until the airplane descended to an altitude of 22,531 feet
(UTC 03:01:45.15). Dividing the cabin altitude between 8,000 feet (UTC 02:55:14.40) and 14,000
feet (UTC 03:01:45.15) by the 6.50 minutes from closure of the right valve resulted in an average
cabin depressurization rate of 923 fpm.

3 The LCV is mounted on the APU outlet and is functionally located between the APU and the 10" stage bleed valves.
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An additional data point related to altitude was a crew comment recorded by the CVR, that the
altitude was 15,400 feet, at 03:03:57.15.

Figure 3 (below) displays a combination of FDR data for aircraft altitude, the cabin pressure
warning, and deployment of the oxygen masks. Connecting the cabin altitude data points with a
straight line and extending the line to the recorded aircraft atitude, the line crosses at about when
the airplane was at 16,423 fest.

Aircraft vs Cabin Altitude
Altitude-Related Data Identified on FDR and CVR
Circles denote the FDR recording of aircraft altitude.
45000 Diamonds denote cabin altitude data cited in text.
40000 e
(@)
35000
30000 o
3
& 25000
e o)
2 20000 o
= o
15000 e A
o)
10000 // -
5000
O T T T T T
02:52:48.00 02:55:40.80 02:58:33.60 03:01:26.40 03:04:19.20 03:07:12.00 03:10:04.80
UTC Time

Figure 3. The chart shows the atitude-related FDR and CVR data for the cabin pressure and
the airplane atimeter that are cited in the text. A line connects the second and third diamonds,
which were automated and recorded values for the cabin pressure warning and deployment of
cabin oxygen masks. The line has been extended to the first diamond (nominal cabin altitude
when bleed valve closed) and to the recorded aircraft altimeter values, which it crosses at
about 16,500 feet. The fourth diamond is the crew reference to altitude and the fifth is the
recorded reset of the cabin pressure warning (at nominal 10,000 feet mdl). Airplane atitude
data shown in circles was obtained from the FDR recording of the airplane altimeter.
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Data pertaining to cabin altitude changes was also obtained from Bombardier flight testing of a
Global Express airplane and the data is attached.* Data from aflight test of June 22, 1998, (Report
RAH-0700-104, Page A-21, Rev A) showed the results of shutting airflow to the cabin at an
aircraft altitude of dightly over 51,000 feet, with an initial cabin altitude of 7,230 feet. Following
loss of pressurizationthe test airplane remained at 51,000 feet for less than 100 seconds, then
descended at about 9700 feet per minute (fpm) to 10,000 feet above sealevel. During this period,
the cabin ascended at an average rate of 2,032 fpm to reach a maximum cabin atitude. Asthe
airplane descended through 17,052 feet, the cabin atitude also began to decrease.

Charted data from a second flight test (Doc. RAH-GG100-306, Page 82, Dated 2003-04-29)
showed the results of asimilar test that was conducted on a Challenger 300 (also known as a
BD100), conducted from about 45,000 feet above sea level. The scale of the chart prevented
interpretation with the accuracy of the 1998 test results, but was similar. The cabin atitude
ascended initialy at about 1,800 fpm and the rate of ascent decreased to about 1,000 fpm when the
cabin altitude and aircraft altitude converged. The maximum cabin altitude was 17,168 feet.

4 Equivalent data from the certification of the Regional Jet was not located. The CRJ fuselage volumeis similar to that
of the Global Express and is between the larger Global Express and smaller Challenger in both engine size and
fuselage volume. The datafrom each of those airplanes had similarities in depressurization rates and maximum cabin
altitudes achieved. (See Attachment)
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ATTACHMENT 1

Bombardier Globa Express flight test results shown on
Report RAH-0700-104, Page A-21, Rev A
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ATTACHMENT 2

Bombardier Challenger 300 flight test results shown on
Doc. RAH-GG100-306, Page 82, Dated 2003-04-29
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Exhibit Section 3.0

Pneumatic M odeling by Bombar dier:
Bombardier created a digital model of the CRJ pneumatic system and spreadsheets containing the
results of using that model are attached.
Exhibit page 16 compares the digital model with actual flight test results.
Exhibit page s 17-19 describe the test cases.
Exhibit pages 20-21 show the inputs used for each case that was studied.

Exhibit page 22 contains the results of the cases studied.



MODEL VALIDATION RESULTS (Page 1 of 1)
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LIST OF CASES TO BE MODELED (Page 1 of 3. The rows align with data on the following two pages.)

LIST OF CASES ENGINE STATUS

CASE IDENTIFER CASE DESCRIPTION LH ENGINE | RH ENGINE APU

Validation - Normal cross-bleed
engine start on ground. Compare Pb =60 psia, | RH Engine
V4 with an actual ground test. Th= 498 F Start OFF LINE

What is the excess pneumatic engine
capability at 41000 feet? (Can we rule | pp =60 psia, | Pb = 60 psia,
PF.7 out a leak?) Th= 498 F Th=498F |OFE LINE

Maximum altitude this APU could
APU.5 have pressurized cabin to 10000 feet | OFF LINE | OFF LINE | ON LINE

Maximum altitude this APU could

APU.6 have pressurized cabin to 8000 feet? | OFF LINE | OFF LINE | ON LINE
How much restriction would the LCV
need, to have the 13000 feet RH Engine
APU.8a performance seen in data? OFF LINE Start ON LINE
RH Engine
APU.8b Same at 5000 feet OFF LINE Start ON LINE

Amount of leakage required to get
13000 feet performance seen, with
APU.9a recorded APU output.




LIST OF CASES TO BE MODELED (Page 2 of 3. The rows align with data on the previous and following
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pages.)
Valve Positions
LH Bleed LH 10th LH ATS Ground Isolation RH 10th RH ATS RH Bleed LH ACV RH ACV
Check Valve| Stage SOV Valve Valve Valve Stage SOV Valve |Check Valve) APULCV PRSOV PRSOV
OPEN OPEN |CLOSED|CLOSED| OPEN OPEN OPEN |CLOSED CLOSED CLOSED| CLOSED
OPEN OPEN |CLOSED|CLOSED|CLOSED| OPEN |CLOSED| OPEN CLOSED OPEN OPEN
CLOSED|CLOSED|CLOSED|CLOSED| OPEN [CLOSED|CLOSED|CLOSED OPEN OPEN OPEN
CLOSED|CLOSED|CLOSED [CLOSED| OPEN [CLOSED|CLOSED|CLOSED OPEN OPEN OPEN
MINIMIZE
CLOSED| OPEN [CLOSED|CLOSED| OPEN OPEN OPEN |CLOSED| OPENING |CLOSED|CLOSED
MINIMIZE
CLOSED| OPEN [CLOSED|CLOSED| OPEN OPEN OPEN |CLOSED| OPENING |CLOSED|CLOSED
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LIST OF CASES TO BE MODELED (Page 3 of 3. The rows align with data on the previous two pages.)

AIRCRAFT
AMBIENT CABIN
CONDITIONS APU DECK INPUT CONDITIONS INPUTS COMMENTS
DESIRED
ENGINE CABIN DESIRED
AMBIENT | AMBIENT [ RELATIVE | SHAFT APU APU HEALTH VGD TEMPERA | CABIN
MACH |ALTITUDE | PRESS TEMP |[HUMIDITY | HORSE | RATING |OPERATI|(Minimum=| STATUS TURE [PRESSURE
NO. (FFET) (psia) (DEG F) (0-100) POWER CODE |NG MODE 1) (Open=1) | (DEGF) (PSIA)
Used the APU validation data
to compare the pressure drop
from the 10th stage bleed
pressure to the ATS in order to
be confident in the CBS
0 0 TBD TBD TBD 29.5 23 3 1 1 75 14.97 |prediction.
Estimated maximum aircraft
leakage at 41000 feet is 8.6
Ib/min . Therefore the engines
should be able to pressurize
0.3 41000 2.592 -52.8 0 29.5 23 3 1 1 75 10.92 |the cabin at this altitude
Answer is 20000 feet , since
APU deck does not predict
0.3 TBD TBD TBD TBD 29.5 23 3 1 1 75 10.11 |above this Altitude .
Answer is 20000 feet , since
APU deck does not predict
0.3 TBD TBD TBD TBD 29.5 23 3 1 1 75 10.92 |above this Altitude .
0.3 13000 8.932 8.6 40 29.5 23 3 1 1 75 14,52
0.3 5000 12.23 31.3 40 29.5 23 3 1 1 75 14,52

Note: For “TBD” see parameter used for the individual test cases.
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INPUTS LIST (Page 1 of 2. The rows align with the following page.)

[ LISTOF CADED ENGIE STATUS Talve Positions
fL Sl CTvie - 10 LTS Hekeet FH = Rk AER B Bl LH ALY HH AGY
CASE NO. |CASE IDENTIFER CASE DESCRIPFTION LH ExNaiNE] RH ENGINE AP w il g S0 WaEE [P ST PEiy Sings S04 pEry Crack Vaha AP LB PREDY PRRLA
TTEnge
1 W3 Minimal LHS FLT 1248, Dac 17 2004, AT 7002 | wiT2S Stan OFF LINE O LIKE CLOSED | OPEN | OPEN | CLOSED| OPEN | OPEN | CLOSED| CLOSED OFEN | CLOSED | CLOSED
TH Engire
2 W Mimal R FLT 1218, Dec 17 2004, A 1002 , w725 | OFF LINE Sl O LINE CLOSED | OPEN | CLOSED) CLOSED| OPEN | OPEN | OPEN | CLOSED QPEN | CLOGED | CLOSED
T
| & Whinimal LHS FLT 1223, April 11 J005, A TOO2 | w722 Stan OFF LINE DR LINE ciosen | oren | oren |ciosep| orenm | orem | cuosen| closeo | oren | cuosep | cuosen
TOTEIEE
4 d Minimal FHS FLT 1223, Apeil 11 3005, AXC 7002, wi7232 | OFF LINE Eaw ORI LINE cLosen | oPen |cLosepfciosen| open | orem | open | closen | open | cuosen| cuosen
TEARAE CRATE R TR
LT T e e o 2 2 T e T
LH apen sagine Blesd chiadk vabes |, 13008 | LH Engires | 2y - a0 pan
5 LE s set Bdan e i ¥ OFF LINE QPEN aPEN | oPEn |cuosED] oPEN | oPEM | cLoSED] oPEN | CLOSED | CLOSED | CLOSED
(121 =TT Eae—
g LE 2b Same w5000 Fee Start b 458 T OFF LINE QPEN oFEN | oPeEn |cLosep] oren | oPem Jclosep] orem | cuosep | cuosep| cLosen
une ne - enpee
al 13000 b, bul with RH opan egine bosd| LH Engiee
7 LE da Ehvisch witheis Sart OFF LIME OMLNE | closen | oFew | orew | ciosen]| orem | oPem | cLosen] oPEN oFEN | ciosen | cLosED
_rhm_._n..ﬂ
] LE ab Sama i 5000 feal Stan OFF ILIME Of LINE cLoseo | oren | oren |closEn] oPes | oFEn | cLosEn| oPeN aPEN | cLoseo | cLosED
FRAGH 8] fegunh - AP0 angee S Sherepl
at altbhaie, tad with open AF engre sSarier LM Engire
& LE Sa wihee™ 13000 teet Star IOFF LINE O LINE CLOSED | OPEN | OPEN JCLOSED| OPEN | OPEN | OPEN | CLOSED CPEN | OLOSED | CLOSED
T
10 LE 5b Bama s 5900 Tesl Sart OFFLME | OMLINE | ciosen | orew | oren |ciosen| oren | oren | oPen | cLosen | oPen | cioseo | cuosen
FRER T AILUNE ERANE:
e e
11 PF 14 TWO opon pacia? 13000 fast Stan Tramf | OFFLINE | ciosen | oren | oren |cuosen| orew | opew |closen| oren | closen | oren | oPen
e -y
P PF b Sami 8 5000 M ot aaf | CFFLINE | ciosep | oren | orew |cuosen| orem | oren | cuosepn| coeen | closeo | oren | opem
AT TTEIITE ST TITENgEE | O 5 1 S
13 PF28 apen pack? 13000 e Stan mesar | OFFLINE | glosen | open | oren |cuosen| opew | oPen |cuosen| oeen | closen | oeen | cuosen
TR | = o TR i
14 PR Same s 5000 feet Start meaaf | OFFLINE | cioseo | oren | oren |cucsen| orew | oren |cuosep| oren | closeo | oren | cucsen
- T T -
15 FF 28 opan packs? 13000 Toe GFF LINE gl O LINE cLostD | oPeN | cLosED| cLoseED| oPEn | OofEM | OPEM | CLOSED | OPEN OFEN | OPEN
Ak
16 PF b Same o S00 lee OFF LINE Siarl M LINE cLoseD | oPEN | cLoSED| CcLOSED| oPEM | OPEN | oPEN | CLOSED | OPEN OPEN | OPEM
LT !j.!u ML TR SN W LY Lot 2L 'Ll
7 FF 4a open pack? #3000 teet CFF LINE Gianl DM LINE cLogeD | oPeN |cLosEn|ciosen| oPen | oren | oPen | cLoseo | oPen | cuosEn| oPEm
e
18 ] Samn u 5000 fem CFF LINE Edan DR LINE cLoseD | oPeN |cLosep|cLosen| oPem | oPeM | oPen | cuosep | oren | cuosep| oPem
T TR T IO T T
19 FFEa enin e Lapatelity (3reund) Stant OFF LINE DfLINE closen | oPen | oPeEn | oPeN | oPen | oPem |cLosep| closen | oPen | cuosen | clLosen
o=
20 FF & enjing san capatdity (13004 A} Stan OFF LIME Dk LINE cLosen | oren | open | oren | oPen | oPem |closen| closen | oren | ciosen | cLosen
; Bl
21 APU GND Soal HWV AP deck) St OFF UME OM LINE cLosen | oren | open |ciosen| opem | oPem |closen| closeo | oren | ciosen| closen
APL snging Han .uliaq;._ -.ﬂmﬂ TR OH m_..n“M
22 APLLY {HW APU deck] Slar OFFUME | OMUNKE | cLosen | oPen | oPfEN | GcLosED] oPEn | oPEN Jclosen] cLosED | oPfEN | CLOSED | CLGSED
AP afgind Sl chgd LH Engess
23 AP {HW AP disck]) Slart OFF LiNE DOf LINE CLOSED | OPEN COPEN | CLOSED] OPEM | OPEM | CLOSED] CLOSED OPEN | CLOSED | CLOSED
b Fave ﬂn_m_._n!n
2d APULY Bt b 10 SIATL an erging #iT OFF LINE Stml O LINE cLosen | oren |cLosen|ciosen| oPen | oPem | oPew | cLoseo | ofen | cuoseo| cosen
TR O WAl pngne o) TCUSET
feet? LG was manually mmped down 1o B Engie To .2
25 APUT LCW 21 Deg [21.2 dig OFF LINE Edarl O LINE cLosen | oPeN |cLosED|closED] oPeEn | oPen | oPEn | cLosEo | DEG | cLosED | cLGSED
Minsrem LCV angie 1o stan engine i 1 3000
foai? LW was manunlly ramped down io 8 FH Englaw LCV BET
25 APUT LCY & Dag [%*0 OFF LINE i CHLINE | ciosen | orem |cuosen| cuosen| orew | orem | oeem | cuosen | TO® 0BG | oiosED | cLOSED

ROTE 1 MAXIMUM ATLITUDE THAT CAN BE RUN WAS 20000 FEET | SINCE HW DECK DOESN'T PREDICT BLEED EXTRACTION PERFORMANCE ABOVE THIS ALTITUDE
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INPUTS LIST (Page 2 of 2. The rows align with the following page.)

T T T T T TS T T T T T e T —rr T T T—y
AIRCRAFT AMBIENT COMDITIONS APU DECK INPUT COMDITIONS CABIN INPUTS
ATS Nozzl
Bndat ATS Nozzle
amgENT | avesenT | RELATIVE SHAFT AP EMORE
PRESS rewr | musoery | sosse OPERATING | HEALTH Pressure | Inlat Pressure
WALH h o DEG Pl 2100 ] oo M= ¢ (psia) (psig)
o 1:300 1422 ¥0.1 40 95 o] : ] 1 14,48 43 26.8
0 1:3040 1422 0.1 L] M5 Z3 ] 1 1448 43 28.8
0 1300 1273 572 40 b L] ) 3 1 14.48 418 2B.1
0 13040 1373 §7.2 40 205 3 3 1 1448 41.1 274
0.3 13000 BE as 40 264 3 3 | 14,84 3B.2 20.3
a8 5000 12 197 31,3 40 55 3 3 1 14,57 38.4 26.2
0.3 13000 BS3 L 40 M5 e 3 1 14,54 26,8 17.7
0318 5000 12197 31.3 40 05 3 3 1 14,67 413 29.1
0.3 13000 B4 a8 40 205 3 3 1 14,54 17.4 -]
e 5000 121497 na 40 pi-k] o] . | 1 14.67 24 11.8
03 13000 B34 84 A0 F 1] ) 3 q 14,54 28,8 18.7
o8 000 tFRLE 3.3 40 285 bl 3 1 14.67 281 16.9
0.3 13000 B934 84 Fi] H\E ] 3 1 14,54 358 26.9
B 5000 12187 31.3 40 T o ] 1 14,67 36.2 24.0
0.3 13000 A= ] a4 40 85 3 3 1 1454 148 587
038 5000 12197 31,3 40 68 ] 3 1 14,67 20.3 a1
@3 13000 3t ] L 40 |5 ] 3 1 .5 208 11.9
oMe 5000 12157 3.3 40 %5 n 3 q 14,67 26,5 16.3
o 00 143 H 40 25 3 ] 1 T 25 10.6
0.3 13000 B34 84 40 w5 ] 3 1 14,54 15,8 B.g
I G600 14,38 48 40 205 3 L] 1 1.7 433 2B.9
0318 15000 B34 =L A0 5 ] 3 1 1454 28.3 15.4
0.3 SO0 12187 3.a 40 paik Fa ] 3 1 1467 7.5 25.3
0.3 20000 £ 753 123 40 P 3 3 1 1472 22.2 15.4
0.3 13000 (=] a5 40 265 ) 3 1 14, 54 15,5 6.6
0.3 15000 B BS54 i L] a0 M5 o] 3 1 14,54 j: X1 o7
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RESULTS OF MODELING (Page 1 of 1)

e LT OF CARES AR TUNONE S TARIEN NESOLTS COUUENRTS
ATE Mazzlel ATS Moxe ATE
Il Irurt ATS Inlet ATS Inled | Correctad ATE
Prossure Prassure Tempedsiure Flow Flom Pressgne
hease no, |case mEsTFER CASE DESCRIPTION ] Ip-sigh {deg F) (Thiming {Iimin) Rabic
LI L e i
1 3 Wil LHS FLT 1318 17 AN TON | Wil 2 ] k] 484 Y] 27 87 A0 [reter 1o veication marmery tatis
] WY Liramal RHS FLT 1218, Due 17 2004 &G TG0 | wilT 2 k] Fil] ] [:T3] FirlT 3.02  [rete 12 veiiiahion summany bls
a i Ml LHE FLT 1235 Apnl 1 3008, AKC FOOT , wETZ2 41.8 A A4 581 2757 104 Jrwter 1o veiisaten ey Ebb
[ il Wimal G FLT 1233, Apel 11 3005, A/C TOOZ | wITZD 0. A i 56 8 a7 57 290 [rwler o vaidanion summery stis
TERPALE LR TN
Fabars i ongre - Do Sk anging star, LH LH apen anging bissd check vale
5 LE 1 e ergine blsssd chec visths |, 13000 fesl 38.2 8.3 528 51.8 27.57 428 Now = 134 Eimin
T i) erine Do CReal, v
8 LE 3 Slarre st 5000 fest 84 26.2 538 522 27.57 A5 [N = 118 vemn
Falcre o] angre - LP srgne slnt Miemt o
§2000 Peet, it with FIF open sngive blesd R H open sngne biesd chesok veies
7 LE da cFezh vlhve 288 1r.7 #62 35 Z7.57 288 New = 1005 Bisn
[FH G erignie Bewd clecs vatve |
-] LE & Same o 000 fest 41.3 2.1 a4 491 Fi- T4 Fa- Mows = 130 e
Bicie Al engre - RF eigane tlat sieed
b bl with o H9 argane el vits
] L S 23000 et 174 BS 481 24.5 2757 1,87 |RH Ak Staner fiow = 248 biwin
i LE L 1.8 ria] s i) T.T JFiH Ak Startes flowe = 138 bamin
TRLE FAILURE CRANE
T T i 3
11 PE.im e pches? 2 KK et ae 19.7 488 4017 27 87 32  |RM pack fow = 31 8 hdnin
(el k- o
12 AL Sarme i S000 bt 91 168 LIE] 407 a7 57 238
BCE T RILIY - Loha- Dens negne et LNE
13 PF D% npon pack ¥ 100 fect SR e 475 0] 27 57 4
14 PF.& e i SO0 fad 382 240 480 502 7 57 2808  Jilow mede)
T pack Tomn = 1A Gmany
15 BF s opan packs? 1 00 et 4.8 a7 452 204 7.3 | .64 FH pack fow = 14 & himin
TR ok Tema = ) L ke
18 PR : 0.3 B3 f) 281 274 167 R peck fow = 105 i
17 PF &8 apmn paci ¥ 13000 et 208 1189 457 204 27 57 2.33
18 BE & S 000 faat 8.5 163 478 a6 IT57 2.4
Ttnd Chack Walen durvg AP ergre
18 B niart capahifty {imund 25 108 573 331 a7 42 1.73  |Sraurd vales fiow = 413 bimn
B ]
20 PF.Be k| capuakility (13000 ) 58 68 540 2418 27 48 176 [Giound v fow = 20 Iseen
21 AP GND Y AP deck] 433 e 403 598 a7 57 3 Diarrosetabon of & FL capatity
RPUT Grigra War Capatody BTt &1 T RRE
22 AP (Y APL deck] 8.3 194 455 a8 27 57 317 | Derorstaton of 4FU capabilty
Srgre ST CapmEly r-Tigh] & S
23 AP (W AP dack TE 2453 AR5 521 27 &7 3.07 [lerrarwtabon = £ rapatish,
iy b Tt TR e 16 SCnnry Taal
24 AP 4 atiy o slart o argine of? 22 154 ddd 31 8 7 .57 3.28  |Meierionole 1
ML g Tengne ¥ TEID ETE Vava @ not WUTy open e 10
fet? LV Inputs wene gradkualy chosed o 21.2 ow ikt R
25 APUT LCV 21 Deg [deg 15,5 6a L] 218 2713 1.73  |iFmter i note 1)
ool immel sRi il Do E—
mrsinrter vt are not fully opan
Binimam LCV angie o g engne of 1 X000 dum b ks mied pressures
R APLT LGV B Dug [fo7 LCV mas maralty ramped down b 8 degl a8 o7 413 7 34 147 107 Rl e noke 2)

MOTE 1: MAXBIUM ATLITUDE THAT CAN BE RUN \WAS 20000 FEET , SINCE MW DECK DOESN'T PREDICT BLEED EXTRACTION PERFORMANCE ABCWE THIS ALTITUDE
In accordance with AFM (CSA A-012), maximum altitude for engine start using APU bleed s 13,000 ft.

NOTE 2 : Vah® operalion under low pressiure opsralion (ess than hully open pressura) has nol being valsdaled under tha condiiors stated and therelore relies on Bhe assumplion
thant thy volve: anes varies Bneathy from th fully open pressure to fully closed pressurs and mainkains it posiion dumng inbermediate valees

(RPM) at various corrected airflow ratios (starter inlet pressure divided by starter discharge pressure. Starter
performance is not shown at ratiosof lessthan 2.0:1.

provides “Estimated Generalized Performance” for the starter. The data relates starter torque to corrected speed

NOTE: Honeywell Aerospace Engine Systems & Accessories information for the Air Turbine Starter, ATS100-395H
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Exhibit Section 4.0

Auxiliary Power Unit (APU) and Pneumatics Background Data:
The following page pertain to the APU and pneumatic systems and has been copied from the
Pinnacle Airlines Flight Crew Operating Manual.
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Pinnacle Airlines Northwest Airlink
H CANADAIR REGIOMAL JET
¢

AUXILIARY POWER UNIT

The aunxiliary power unit (APU) is a gas-turbine engine equipped
with a gearbox driving an oil-cooled 30-kVA, AC generator. The
APU's primary function is to drive the AC electrical generator. The
APU has an integral bleed port, supplying pneumatic power to drive
the main engine air-turbine starters or the air-cycle machines within
the air-conditioning packs (Figure 1-44).

The APU is in a fireproof enclosure in the tail of the airplane. An
APU air-inlet door is on the top of the fuselage. APU exhaust gases
pass through a muffler to an outlet beneath the right engine. Oil
cooler air exhaust exits through the APU exhaust. Electrical power
from the APU battery starts the APU. Fuel from both wing tanks is
used to operate the APU. The APU’s control circuits are fed from the
main battery.

An electronic control unit (ECL) controls the APU. The ECU moni-
tors all sensors and switches, sets up the appropriate fuel
acceleration and temperature schedules, and relays appropriate
operating data to the EICAS displays. The APU control system
ensures electrical load priority by reducing bleed airflow when
exhaust gas temperature limits are approached.

STARTER
CONTROL
VALVE
- - - _-
TURBIMNE
smAtER LT " SruToRE
LEFT VALVE ISOLATION VALVE RIGHT

ENGINE, 4 [ ENGINE

VALVE~__
= —
LEFT 10TH Lk CHECK RIGHT 16TH

CHECK STAGE BLEED iy WALWE STAGE BLEED
VALVE m:}JTOF'F APLI VALYE EICAS SHUTOFF  CHECK

VALVE VALVE
APU j

GEMERATOR
ONOFF
SUGMNAL

Figure 1-44 APU Bleed-Air Distribution

1-72 Rendsion 2—lunea 2004
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Exhibit Section 5.0

Auxiliary Power Unit (APU) and Pneumatics Background Data:

The following pages pertain to the APU and pneumatic systems and have been copied from the
Canadair Regional Jet 100/200 Airframe/Engine Maintenance Training Manual.
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canagaair

e A o200

AIRFRAMEENGINE MAINTENANCE TRAINING MANLIAL

LEGEND

1. Suppor Skid 10, Load Confrol Vahme

2 Cooling Alr inlet 11. APU Enclosure

A Cooling Air Infel Duct 12. Exhaust Mufiier

i, AL Gonerator 13. APLU Cormpl Access Pang|
. Starer 14. Service Door

6. Aircrafl Skin 15, APL Batery

7. Frame 16, Cut-Qf Ewilch

& APU imiake Door 17. iain Battery

B Blesd Air Duct 18, ECL

R24A80

Figure 1 - APU Installation

49 - Auxiliary Power
3 June 2002

FOR TRAINING PURFOSES ONLY Pg 48-3
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canadair
L2000

AIRFRAMEENGINE MAINTEMNANCE TRAINING MANUAL

DESIGN FUNCTION
Refer to Figure 2.

The APU forms part of the aircraft electrical and
pneumatic systems and provide the following
functions:

+The primary function 15 to drive a 30 kWA
generator that supplies back-up electrical
power to the aircraft throughout its operating
envelope, when required.

+The secondary function Is to provide
pneumatic power to operate the aircraft air
conditioning systems and for main enging
starts on the ground and in flight up to 13 000
ft.

49 - Auxiliary Power
3 Juna 2002
Pg 46-4

FOR TRAINING PURPOSES ONLY
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- EI'IEHE!F

AIRFRAME/ENGINE MAINTEMANCE TRAINING MAMUAL <

45K
ok MAX OPERATING ALT 57 KET
38K
Eoak MAX APLI START 30 KET
=
w B5K
A
E 20K
T sk 1SKFT_MAXACUBILEED
AR IGRB T TAR [Tk M WA ST
0K
5K
o ’\V
0 100 200 00

CALBRATED SPEED (KNOTS)
M) MACH

R2448003

Figure 3 - Operating Envelope

49 - Auxiliary Power

3 June 2002
FOR TRAINING PURFOSES ONLY Pg 49-8
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canadair

A |t
{:xnhﬂgi:IE;EZEIIIIQIIT

AIRFRAME/ENGINE MAINTENANCE TRAINING MANUAL

BLEED LOAD
3?_) T e
e e e m e mmmmm . —————— 1
S o R el - 1 I P3ISENSOR i
i LOAD YALVE i i
H OPEM : ik '
| ™ |
i 1 1 H
| SPEED MONOPOLE | | 5
1 )
i B
TO H ]
COMBLUSTOR H |_| -
1 FLEL IN—=]
1
| FUEL CONTROL
' UNIT
¢
[
)
i
' STARTER
' MGTOR
E
i
[}
i
| GEMERATOR
: IGNITOR FLUG
‘ V
i ACTUATOR
E ACTUATOR Forpionics

i

R2444736

Figure 35 - Bleed Load Control

49 - Auxiliary Power
3 June 2002
FOR TRAINING PURPOSES ONLY Pg 49-79
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canadair

v YRR
SN2 5100200

e B
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A|RFRAMEEMNGINE MAINTENANCE TRAINING MAaNUAL

& .
[ 1) e |l | e
o )
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EICAS PRIMARY

DISPLAY
PRIMARY PAGE

il @

EICAS SECONDARY
DISPLAY ANTI-ICE
SYNOPTIC PAGE

EICAS SECONDARY
DISPLAY
STATUS PAGE

f-—l a E
EICAS SECONDARY

DISPLAY ECS
SYNOPTIC PAGE

R2438002

Figure 2 - Bleed Air - Control and Indication

36 - Pneumatics
3 June 2002
FOR TRAINING PURPOSES ONLY Pg 36-5



